Background In gastric cancer, the utility of sentinel lymph node (SLN) biopsy has not been established. SLN may be a good predictor of the pathological status of other lymph nodes and thus the necessity for more extensive surgery or lymph node dissection. We aimed to identify and synthesize findings on the performance of SLN biopsies in gastric cancer. Methods Electronic literature searches were conducted using Medline, EMBASE, and the Cochrane Central Register of Controlled Trials from 1998 to 2009. Titles and abstracts were independently rated for relevance by a minimum of two reviewers. Techniques, detection rates, accuracy, sensitivity, specificity, and false-negative rates (FNRs) were analyzed. Analysis was performed based on the FNR. Results Twenty-six articles met our inclusion criteria. SLN detection using the dye method (DM) was reviewed in 18 studies, the radiocolloid method (RM) was used in 12 studies, and both dye and radiocolloid methods (DUAL) were used in 5 studies. The DM had an overall calculated FNR of 34.7% (95% confidence interval [CI] 21.2, 48.1). The RM had an overall calculated FNR of 18.5% (95% CI 9.1, 28.0). DUAL had an overall calculated FNR of 13.1% (95% CI -0.9, 27.2). Conclusion Application of the SLN technique may be practical for early gastric cancer. The use of DUAL for identifying SLN may yield a lower FNR than either method alone, although statistical significance was not met.
Introduction
The accurate determination of lymph node (LN) status is a vital factor to determine the clinical outcomes of patients with a wide variety of tumors. Gastric cancer is no exception. With the institution of screening programs leading to the detection of gastric cancer at early stages, more patients have become eligible for less invasive resections. Gastrectomy with lymphadenectomy remains the standard of care for gastric cancer, while less invasive interventions, such as endoscopic mucosal resection (EMR), have emerged as suitable techniques for early gastric cancer (EGC). Both techniques are associated with 5-year overall survival rates greater than 90% [1, 2] . Ongoing accumulation of pathological data has suggested Electronic supplementary material The online version of this article (doi:10.1007/s10120-011-0103-8) contains supplementary material, which is available to authorized users.
that, for EGC, the majority of lymph nodes examined do not contain metastases [3, 4] . As extensive lymphadenectomies are not without complications, which can include bleeding, pancreatitis, subdiaphragmatic abscess, lymphorrhea, and chylous ascites [5] , the rationale for performing extensive lymphadenectomies for EGC has been questioned. Therefore, limited gastric resections without an extended lymphadenectomy may be applicable to selected patients with EGC [6] . The challenge is accomplishing accurate assessment of LN status, while limiting the possible complications from a more extensive LN dissection. In breast cancer and melanoma, this issue has been addressed through identification of the sentinel LN (SLN). As the affected organ has predictable draining basins, the SLN is defined as the first LN to receive drainage by a primary tumor. Lymphatic mapping identifies the node most at risk for involvement, allowing for a more limited dissection and more thorough pathological examination of these sentinel nodes. This mapping technique has reduced perioperative morbidity while improving the accuracy of staging for other cancers [7] . Thus, the utility of applying the SLN mapping technique has been examined in efforts to select patients in whom no LN dissection or a more limited LN dissection is preferable.
Application of the SLN identification technique to EGC has several issues. First, the anatomy of the lymphatic drainage of the stomach is complex and unpredictable, facilitating the presence of skip metastases [6] . Second, the interpretation of the results and the determination of the appropriate extent of LN dissection are not standard in cases where the SLNs contain metastasis or micrometastases [8] . Finally, there is debate regarding the specificities of the technique. Three methods have been used for SLN mapping in gastric cancer: a dye method (DM), a radiocolloid method (RM), and a combination of the DM and RM (DUAL). For all individual techniques, which dye or radiocolloid to use and the volume to inject, as well as the location, timing, mode, and location of the injection have been examined.
To date, the diagnostic reliability and accuracy of SLN mapping in gastric cancers remains unclear. Many authors from Asia have reported accuracies of more than 96% [1, 6, 9] , particularly with EGC. However, several series from Western countries have reported an SLN mapping accuracy of 80%, with a false-negative rate (FNR) ranging from 15 to 20% [7, [10] [11] [12] . As gastric cancer is not as common in Western countries, it typically presents in an advanced stage. This suggests that sensitivity, specificity, accuracy, and FNR may be influenced by the T stage of the cancer. Thus, the objective of this review was to identify and synthesize findings from the literature regarding techniques of SLN biopsy in gastric cancer, and its performance as a predictor of involvement in the regional nodal basin.
Methods

Data sources
Electronic literature searches were conducted in Medline and EMBASE from January 1, 1998, to December 31, 2009 
Study selection and review process
To be eligible, studies had to meet all the following criteria: (1) include patients with gastric or gastroesophageal junction adenocarcinoma, (2) be a prospective study, (3) investigate the performance of SLN navigation, and (4) be published in English in a peer-reviewed journal. Studies were excluded according to the following exclusion criteria: (1) reviews, meta-analyses, systematic reviews, abstracts, editorials or letters, case reports, and guidelines; or (2) studies involving fewer than 30 patients. If multiple studies were published from the same set of patients, the most inclusive one was included. All electronic search titles, selected abstracts, and full-text articles were independently reviewed by a minimum of two reviewers (NC, RC, LH, and AB). Reference lists from review papers and relevant articles were also examined for additional studies that met our inclusion criteria. Disagreements on study inclusion/exclusion were resolved with a consensus meeting of the reviewers.
Data extraction
A systematic approach to data extraction was used to produce a descriptive summary of participants, interventions, and study findings. The following data points were collected during the review: study characteristics (country and design), patient characteristics (gender, age, tumor location, and stage), techniques, and outcomes (detection rate, accuracy, sensitivity, specificity, and FNR) ( Tables 1, 2 ). The first reviewers (AB, MD) independently extracted the data and a second reviewer (RC) checked the data extraction. No attempt was made to contact authors for additional information.
Data analysis
Significant variations in the calculation of detection rate, accuracy, sensitivity, specificity, and FNR were noted in the original manuscripts. Therefore, these values were re-calculated from the original numbers reported in each publication when possible. The detection rate was defined as (total patients with identifiable SLN)/(total patients). Accuracy was defined as (number of true positives ? number of true negatives)/(total patients with identifiable SLN). Sensitivity was calculated as (number of true positives)/(number of true positives ? number of false negatives). Specificity was calculated as (number of true negatives/(number of false positives ? number of true negatives). FNR was calculated using the definition outlined by McMasters et al. [13] : (number of false negatives)/(number of true positives). We felt that the FNR was the most important factor when considering the applicability of SLN identification, because a false-negative result (when an SLN was free of tumor cells but other nonSLNs revealed metastases) could lead to an incorrect decision about treatment [13, 14] .
Statistical analyses were conducted using the R 2.10.1 software package (http://www.r-project.org, University of Auckland, Auckland, New Zealand). The FNR and 95% confidence interval (CI) were calculated for the DM, RM, and DUAL. When studies used different techniques in the same patients, an average FNR was calculated. When studies compared different techniques in different subgroups, the data were combined for an overall FNR. We assessed the heterogeneity between studies by using the I 2 test, which indicates the presence of heterogeneity when I 2 is C50%. Considering the diversity within the studies reviewed (type of dye or colloid, method of injection, location/depth of injection, T stage of cancer), several factors in addition to chance were anticipated to explain the differences in the FNR, so we selected the random effects model for analysis [15, 16] . Studies were weighted according to the inverse variance method. Non-overlapping 95% CIs were used to determine a statistically significant difference between groups.
Results
Search results
A total of 3608 titles were identified from the electronic and hand searches for preliminary review. After removal of duplicates and screening for relevant titles and abstracts, 58 articles were submitted for a full review. Twenty-six articles on SLN identification which satisfied the inclusion and exclusion criteria were included in this review (Fig. 1) . Of the 26 studies, 24 were from Asia and 2 from Europe. A total of 1945 patients underwent surgery for gastric cancer where one SLN mapping technique or a combination of techniques and subsequent biopsy were performed.
Study and patient characteristics
All studies were prospective. Tumor stage was described in 25 studies. Twenty-one studies had exclusion criteria based on preoperative T stage. Nineteen studies excluded cT3-4, while 6 studies excluded cT2-4. Of the studies that reported T stages, 13 studies included pT3 cases in their analysis.
SLN and non-SLN metastases were identified by hematoxylin and eosin (H&E) staining in all studies, immunohistochemistry (IHC) in 15 studies, and reverse transcriptase polymerase chain reaction (RT-PCR) in 3 studies. One study compared all three histological techniques in the same group of patients [6] . If no tumor cells were found by H&E staining in SLNs, sections of the same node were examined by IHC for further analysis in 5 studies [5, 11, 14, 17, 18] .
Study findings
The study findings are summarized in Tables 1 and 2 , and Appendix B of the ESM. The outcome measures of interest included the FNR, accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for the DM, RM, and DUAL techniques in SLN identification. Figures 2, 3 and 4 depict the forest plots for studies that employed a DM, RM, and DUAL method.
Results by SLN identification method
Eighteen studies used a DM to identify the SLN [1, 3, 11, 14, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . A total of 1173 patients underwent SLN identification by this method (with a range of 19-211 patients per study). Five studies used 1 mL of isosulfan blue [21, 22, [25] [26] [27] . Nine studies used 0.8-4 mL of patent blue [1, 3, 11, 14, 17, 19, 23, 28, 30] . Four studies used 2-5 mL of indocyanine green (ICG) [19, 24, 29, 31] . In eighteen studies, dye was endoscopically injected into the submucosa at 4 points adjacent to the tumor at laparotomy [1, 3, 11, 14, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . SLNs were identified intraoperatively by direct visualisation of stained LNs. Two studies examined subserosal injection of dye at laparotomy [19, 25] . Nine studies used H&E only [1, 3, 19, 21, 22, 25, 26, 30, 31] , 8 studies used H&E and IHC [11, 14, 17, 23, 24, [27] [28] [29] , while 1 study used H&E, IHC, and RT-PCR [20] . The detection rate for the DM ranged from 91.5 to 100%. Calculated accuracies ranged from 72.0 to 100%, calculated sensitivities ranged from 40.0 to 100%, calculated specificities were 100%, and the calculated FNR ranged from 0 to 150%. In subgroups from two studies [25, 31] , the number of patients found to have a positive non-SLN with a negative SLN exceeded those found to have a truepositive SLN, and consequently, the FNR exceeded 100%.
In the two studies that employed subserosal injection of contrast, the FNRs were 11.1% [19] and 63.6% [25] . [1, 5, 6, 9, 23, 27, 32, 34] . Four studies used 0.4-2 mL of 99m Tc-sulfur colloid [14, 17, 18, 33] . In all studies, the radiocolloid was endoscopically injected into the submucosa at 4 points adjacent to the tumor 16-18 h preoperatively. SLNs were detected intraoperatively by utilizing a handheld gamma probe. LNs that absorbed 10 times more radioisotope than background levels or more than 10% of the value of the node with the highest radioisotope in each patient were classified as SLNs. Three studies used H&E only [1, 9, 33] , 8 studies used H&E and IHC [5, 14, 17, 18, 23, 27, 32, 34] , while 1 study used H&E, IHC, and RT-PCR, and reported the performance of each histological technique separately in the same group of patients [6] . The detection rate for the RM ranged from 84.4 to 98.5%. Calculated accuracies ranged from 71.4 to 100%, calculated sensitivities ranged from 50.0 to 100%, calculated specificities were 100%, and the calculated FNR ranged from 0 to 100%. The overall calculated FNR for the RM was 18.5% (95% CI 9.1, 28.0). For the studies utilizing 99m Tc-tin colloid, the FNR was 23.9% (95% CI 10.0, 37.8) (forest plot not shown). For the studies utilizing 99m Tc-sulfur colloid, the FNR was 11.4% (95% CI -1.7, 24.6) (forest plot not shown). Five studies [1, 17, 23, 27, 35] used DUAL to identify the SLN. A total of 298 patients underwent SLN identification by this method (with a range of 31-92 patients per study). Three studies used 1-1.2 mL of patent blue [1, 17, 23] ; one study used 1 mL of isosulfan blue [27] ; and one study used 2 mL of ICG [35] . Four studies used 2 mL of 99m Tc-tin colloid [1, 23, 27, 35] and one study used 0.4 mL of 99m Tc-sulfur colloid [17] . In all studies, the radiocolloid was endoscopically injected into the submucosa at 4 points adjacent to the tumor 16-18 h preoperatively, and the dye was endoscopically injected into the submucosa at 4 points adjacent to the tumor at laparotomy. One study used H&E only [1] , and 4 studies used H&E and IHC [17, 23, 27, 35] . The detection rate for DUAL ranged from 54.8 to 100%. Calculated accuracies ranged from 90.0 to 100%, calculated sensitivities ranged from 66.7 to 100%, calculated specificities were 100%, and the calculated FNR ranged from 0 to 50.0%. The overall calculated FNR for DUAL was 13.1% (95% CI -0.9, 27.2).
Four studies reported results by T stage [29, [31] [32] [33] , representing 351 patients. Overall FNR was calculated for T1 tumors and T2-3 tumors to compare the performance of SLN identification between these stages. The FNR for T1 tumors was 22.5% (95% CI -7.8, 52.9) (forest plot not shown) and for T2-3 tumors, it was 31.1% (95% CI 11.7, 50.4) (forest plot not shown).
Discussion
The current accepted standard of care for resection of gastric cancer with curative intent is gastrectomy with D2 lymphadenectomy. Over time, the question has arisen as to whether performing an extensive lymphadenectomy is necessary for EGC, as less extensive resections have been shown to have equivalent survival rates. However, less extensive resection requires accurate staging, and thus, though the SLN makes good conceptual sense, it must also have a clinically acceptable FNR. Our examination of the literature shows that there were several variations in the technique applied to the identification of SLNs in gastric cancer: a DM (using blue dye or ICG), an RM (using tin or sulfur colloid), and DUAL. Statistically significant differences between these techniques were not identified in our analysis. Only four studies [29, [31] [32] [33] reported results by What is the accuracy of sentinel lymph node biopsy for gastric cancer? S55
T stage, and we found no statistically significant difference between T1 and T2-3 in our analysis.
Implications of the false-negative rate
The FNR is the most clinically important statistic to consider when evaluating the utility of SLN identification for any type of cancer. FNR was defined in the majority of the studies as (number of false negatives)/(number of true positives ? number of false negatives). When this formula was utilized by the primary authors, the range of FNRs for the DM was 0-60%, with values of 0-38.5% for the RM, and 0-33.3% for DUAL (results not shown). However, a more clinically appropriate definition of FNR describes the percentage of patients with nodal metastases who would have been incorrectly designated as node-negative if the SLN biopsy had been used [13] . Thus, we re-calculated the FNR for all the manuscripts in this review, utilizing the definition outlined by McMasters et al. [13] . While this definition of FNR yields a higher FNR than those in the original manuscripts, it allows for comparison to other cancers, such as breast cancer, where SLN identification is an established technique. With the re-calculated FNR, we found a range of 0-150%. This wide range, with a clinically unacceptable FNR at the high end of the range, originates from several caveats regarding the use of SLN in gastric cancer that require further discussion. The major factors affecting the FNR appeared to be: (1) skip metastases; (2) complex, multidirectional lymphatic drainage patterns; (3) injection techniques; (4) T-staging effects; and (5) the definition of micrometastases. First, patients may be incorrectly staged as node-negative due to skip metastases, or inaccuracies in pathological examination. With a reported rate of approximately 10%, skip metastases are one cause of false negatives and their presence is an important consideration in the application of the SLN identification to gastric cancer [36] . Hayashi et al. [1] reported half of the SLNs detected by a radiotracer method were stained with dye, and half of the SLNs detected by the dye method were radioactive; however, this means that half of the SLNs identified using each technique (dye or radiotracer) were classified as non-SLNs by the other identification technique. They explained this discrepancy as originating from the lack of consistency in the exact location of injection, as the radiocolloid was injected 16-18 h preoperatively. Consequently, mild inflammation of the gastric mucosa observed after injection of the tin colloid may have modified the lymphatic flow from the primary lesion [1, 23] , thus reflecting differences in the accumulation of these tracers in SLNs.
Second, anatomic differences in the complexity of lymphatic drainage must be considered when comparing stomach cancer to breast cancer SLN biopsies. The lymphatic drainage of the breast is relatively straightforward: most of the lymphatic drainage will go to the axilla. The lymphatic system of the stomach, however, is much more complex, as the gastric wall is supplied with a very rich submucosal lymphatic network that freely communicates with other equally complex intermuscular and subserosal lymphatic networks [37, 38] . This rich lymphatic network, dilution and widespread distribution of the dye and radiocolloid, and multi-directional lymphatic flow should be considered in order to minimize false-negative cases [22] . Lee et al. [25] compared subserosal injection with submucosal injection of dye, followed by gastrectomy and lymphadenectomy. While they were unable to find significant differences between the two techniques in terms of FNR (reported 54.5% with submucosal injection; reported 38.9% for subserosal injection) or sensitivity (45.5% vs. 61.1%), they preferred subserosal injection of dye as it was technically easier and led to shorter operative times. Other groups that examined submucosal injection of dye reported FNRs of 0-40.0% (calculated FNRs of 0-66.7%). One study examined the difference between a pick-up method (where only stained and/or radioactive nodes were removed) and a basin dissection method (the entire LN basin was removed if stained and/or if radioactive nodes were present) [35] . The detection rate for the pick-up method was much poorer (54.8 vs. 96.0%), as were the calculated FNRs (50.0%, 95% CI 6.8, 93.2, and 16.7%, 95% CI -15.1, 48.4), suggesting that removal of entire nodal basins can significantly decrease the FNR rate.
Third, Ishizaki et al. [26] found that the time interval from injection to dissection altered the FNR and accuracy. During the initial phase of their study, they had 3 false negatives (17.0%) with an accuracy rate of 97.0%. With a longer time interval, the FNR decreased to 0% and the accuracy of SLN identification increased to 100%.
Fourth, the T-stage depth of invasion may significantly change the accuracy of SLN biopsy. T1 cancers were postulated to be the most reasonable stage for the application of SLN identification in an effort to avoid a completion lymphadenectomy. One study found that the sensitivity of performing DUAL SLN identification decreased as the tumors' depth of invasion increased [27] . Another study reported FNRs of 0% for pT1 lesions, 9.1% for pT2 lesions, and 60.0% for pT3 lesions [33] . These results are consistent with other studies where data were reported according to T stage [31, 32] . Some authors have proposed that the primary cancer may have destroyed the lymphatic drainage from the submucosal layer at the injection sites around advanced tumors, leading to an increase in false negatives with more advanced stages of gastric cancer [33] . Additionally, lymphatics to the positive lymph nodes may be occluded with tumor cells [19, 33] . While many authors stated that SLN identification was most accurate in T1 lesions [6, 19, 22, 29-31, 33, 34] , we cannot substantiate this, as we found a lack of statistically significant differences in the FNR between T1 and T2-3 cancers. Unfortunately, the number of cases included in this analysis was small, possibly obscuring a true difference.
Finally, the ability of the SLN biopsy technique to identify micrometastases (metastases \2 mm) and their clinical significance in gastric cancer is another area of concern. Small metastases located in the marginal sinus of lymph nodes are generally identifiable without difficulty by H&E; however, small tumor cell clusters in the medulla are harder to detect [23] . IHC emerged as a superior technique to H&E for identifying micrometastases [28] , though more expensive [33] . RT-PCR with a carcinoembryonic antigen (CEA) primer is also a superior technique to discover micrometastases. Arigami et al. [6] reported that the incidence of micrometastases identified by H&E was 8.2%, with the incidence being 13.1% by IHC, and 36.1% for RT-PCR. In patients with cT1N0 tumors, the calculated FNR and accuracy, using RT-PCR, were 4.5% and 98.4%, respectively [6] . Performing routine RT-PCR is cumbersome and unnecessary, especially for non-SLNs. IHC was considered more convenient than RT-PCR. Therefore, if SLNs are negative by H&E, examination of other sections by IHC is reasonable [5, 11, 17, 18] . Additionally, the sectioning of LNs affects accuracy. In the majority of the studies, the SLNs were bivalved across their longest axis and sent for analysis. Increasing the number of sections used for routine staining and immunostaining has been shown to increase the detection rate [28] , by decreasing sampling error.
Techniques of SLN identification
The DM was the most commonly investigated technique for SLN identification. Isosulfan blue and patent blue were used most commonly in SLN identification in EGC because of their good lymphatic affinity, and visibility in the operative field, even when the lymphatic vessels were very thin [26] . While some authors performed subserosal injection of the dye [19, 25] , most authors endoscopically injected the dye submucosally at laparotomy. The latter technique would be most applicable to EGC, which is often difficult to palpate or visualize at laparotomy [3] , or identify laparoscopically. Hayashi et al. [1] offer suggestions on the use of blue dyes. First, because the pericardial area or prepyloric area is rich in fat and lacking peritoneum, skeletonization of vessels in these areas may be required to detect positive staining nodes. Second, the identification and removal of SLNs must be performed expeditiously, as dye can flow into non-SLNs while the staining of the primary lymph nodes or lymph vessels diminishes in 2 or 3 h.
ICG was initially developed to test liver and circulatory function [39] , and has since been applied to SLN detection and biopsy. When ICG was injected endoscopically adjacent to a tumor, one early study found that it bound to albumin and was carried through the lymphatics more specifically than other dyes [40] , suggesting a greater affinity for lymphatics [24, 35] . Nimura et al. found that their ability to detect SLNs was enhanced by using infrared ray electronic endoscopy (IREE) technology. While SLNs stained with ICG were not always visible to all attending surgeons and endoscopists, SLNs illuminated with IREE were clear enough to be identified by all personnel [24] . No clear benefit of ICG over the blue dyes could be identified based on our statistical analysis.
The colloid used most commonly for the RM was a 99m Tc-tin colloid, a larger colloid that can measure up to 1000 nm in size, with variation in size according to the conditions of its preparation [1, 23] . Smaller-particle radiotracers, such as 99m Tc-sulfur colloid or 99m Tc-colloidal albumin, are widely used in the United States and Europe, but are not commercially available in Japan [1] and other countries in Asia, where the majority of the studies reviewed originated. Several authors reported that in the preparation of the 99m Tc-tin colloid for use in the operating room, they used a filtered syringe to reduce the size of the tin colloid. A higher FNR for the RM versus the DM technique was attributed to the large particle size of the unfiltered colloid used in one study [23] . In areas where 99m Tc-sulfur colloid or 99m Tc-colloidal albumin are not available, filtration of the 99m Tc-tin colloid may be a reasonable maneuver. Injection of the 99m Tc-tin colloid is associated with a mild amount of mucosal inflammation (as noted above), and the question of its affect on the lymphatic drainage of the tumor has been raised. Although the authors who used a 99m Tc-sulfur colloid did not report any inflammation upon injection of the radiocolloid in the submucosa, no statistically significant difference between the two radiocolloids was identified in this review.
Lymphoscintigraphy was performed in several of the RM studies [1, 5, 6, 17, 27] ; however, some authors found that it was unhelpful and reported detection rates of 0.0% [27] , 6.7% [1] , and 30.0% [5] . The low detection rates may be due to the fact that most lymph nodes with uptake on lymphoscintigraphy were too close to the main tumor to be distinguished [1, 27, 36] , whereas in breast cancers and melanoma, the SLN is located further from the primary cancer. Second, the uptake of tracers in the lymph nodes versus the main tumor was reported to be lower in the stomach when compared to that in other sites [36] ; consequently, as the proportion of radioisotope uptake is much lower in draining nodes than in the main tumor, lymph nodes will not show up as well on lymphoscintigraphy.
DUAL was applied in only a few studies. As such, evidence to substantiate its benefit over the RM and DM is limited, resulting in large CIs. Many of the same issues occurring with the DM and RM are present with DUAL. From a technical standpoint, one fundamental issue limiting the use of DUAL is the need for two separate endoscopies. In busy centers, this may place a limit on its applicability. While there was a trend towards improvement in the FNR with DUAL, no clear benefit could be established between the DM, RM, or DUAL based on our statistical analysis.
Sentinel node detection in both breast cancer and melanoma patients is superior with DUAL. In a pivotal trial, McMasters et al. [41] showed an FNR of 11.8% for singleagent detection (RM or DM) and 5.8% for DUAL in a study of 562 patients. In a recent meta-analysis of the utility of SLN identification in melanoma, Valsecchi et al. [42] reviewed over 70 studies that included more than 25000 patients, and found an FNR of 12.5% overall (95% CI 11-14.2%). Using the DUAL method, some authors [1, 17, 23] were able to achieve an FNR of 0-9.1% for gastric cancer, which may be an acceptable range given the data from both breast cancer and melanoma studies. Caution needs to be exercised in the adoption of DUAL for gastric cancer based on these results, because of the lack of power in the above studies, as these gastric cancer studies of DUAL represent only 227 patients (Table 2) . Furthermore, five studies were performed examining the use of the DUAL in EGC, and only three of these five studies were able to achieve an FNR of less than 10%, which brings the reproducibility of these kinds of results into question.
Limitations in the application of SLN identification to gastric cancer There are several limitations of this review. There may be a publication bias to present only favorable results for SLN biopsy results. All of the reviewed studies were conducted in large, high-volume institutions, and thus the results may not be applicable to the general population. Additionally, significant heterogeneity was found in the analysis of the FNR, suggesting that other factors, such as T stage, injection technique, type of dye, timing of injection, time interval from time of injection to dissection, or pathological examination may also play a role in the variability of the FNR. Furthermore, the wide CIs obtained in our analyses are reflective of the low numbers available for analysis. A large, standardized randomized control trial comparing techniques, or application to a specific population of patients (i.e., T1 disease), would be necessary to draw further conclusions.
Conclusion
Application of SLN identification to EGC is not yet the standard of care. Many of the studies that have examined the utility of SLN identification thus far have been small prospective series and lack the power to show a superior technique. When compared to using a single agent (DM or RM), DUAL appears to have a trend towards an improvement in the FNR, but the trend lacks statistical significance. There was no statistically significant impact on the FNR between blue and green dyes, nor were there statistically significant differences between 99m T-sulfur colloids and filtered 99m T-tin colloid. While most authors concluded that the application of SLN identification was safest for T1 disease, we found no statistically significant difference in the FNR for T1 versus T2-3 disease.
